Thirty-nine Klebsiella pneumoniae carbapenemase (KPC)-producing Pseudomonas aeruginosa isolates, all exhibiting high-level resistance to carbapenems and other ␤-lactam antibiotics, were isolated in Hangzhou, China. Molecular epidemiology analysis indicated the presence of two dominant clones, namely, clones A and B, both of which belong to sequence type 463 (ST463). A genetic environment analysis demonstrated that both clones harbor an ISKpn8 transposase, bla KPC-2 , and an ISKpn6-like transposase. These findings depict the features of clonal expansion and transmission of KPC-2-producing P. aeruginosa strains in Hangzhou, China.
(Jiaxing). Species identification was performed using the Vitek 2 compact system (bioMérieux, Marcy l'Etoile, France).
All 389 imipenem-resistant isolates detected by the KirbyBauer disk diffusion method, as recommended by Clinical and Laboratory Standards Institute (CLSI) guidelines (5), were screened for the most common carbapenemase genes, including bla KPC (6) , bla NDM-1 (7) , bla VIM , and bla IMP (8) . For the bla KPCpositive isolates, analyses of the other ␤-lactamase genes, including bla , bla CTX-M , bla TEM , bla SHV , bla PER , and bla VEB , were performed. DNA sequence analysis indicated that 38 P. aeruginosa isolates harbored the bla KPC-2 gene only, one harbored both the bla KPC-2 and bla PER-1 genes, and the bla VIM-2 gene and bla gene were each detected in one strain. None of the other ␤-lactamases genes were detected. All of the 39 KPC-producing P. aeruginosa isolates were collected from Hangzhou (10 isolates from the 2nd Affiliated Hospital of Zhejiang University, 6 isolates from Sir Run Run Shaw Hospital of Zhejiang University, and 23 isolates from Zhejiang Provincial People's Hospital). The features of the geographical spread of the KPC-2 carbapenemase-producing P. aeruginosa isolates were similar to those of Enterobacteriaceae in Zhejiang Province, as reported previously (9, 10) , which showed that such resistant isolates were first found in a big city and subsequently spread rapidly to the surrounding cities. The resistance mechanisms of the remaining 350 non-KPC-producing carbapenem-resistant P. aeruginosa isolates remain unknown but are most likely due to a loss of the OprD porin and/or the overexpression of efflux pump genes.
An analysis of the genetic environment of the bla KPC-2 gene in P. aeruginosa isolates was analyzed using primer-walking sequenc- Tn3-ISKpn8-bla KPC-2 -ISKpn6 a ZE1 to ZE10, 10 strains of KPC-2-producing P. aeruginosa isolated from 2nd Affiliated Hospital of Zhejiang University; SYF1 to SYF6, 6 strains of KPC-2-producing P. aeruginosa isolated from Sir Run Run Shaw Hospital of Zhejiang University; SRM1 to SRM23, 23 strains of KPC-2-producing P. aeruginosa isolated from Zhejiang Provincial People's Hospital. b IPM, imipenem; MEM, meropenem; CAZ, ceftazidime; FEP, cefepime; LEV, levofloxacin; CI, ciprofloxacin; AK, amikacin; GM, gentamicin. The MICs of colistin and polymyxin B for all P. aeruginosa isolates were 1 to 2 mg/liter. The MICs of aztreonam were Ͼ256 mg/liter, except for strain SRM3, with an MIC of 128 mg/liter. The MICs of cefoperazone-sulbactam and piperacillin-tazobactam were Ͼ256 mg/liter, except for SRM3 and SRM8 (MICs, 32 to 128 mg/liter). ing, as previously described (11) . Twenty-six isolates were completely identical to the plasmid PE1, which was extracted from a KPC-2 carbapenemase-producing Escherichia coli isolate from our previous study (11) . The same five major genes, encoding the Tn3 transposase, Tn3 resolvase, ISKpn8 transposase, KPC-2, and an ISKpn6-like transposase, were present in both the P. aeruginosa and E. coli isolates ( Table 1) . The identical bla KPC-2 nucleotide segments recovered in both P. aeruginosa and E. coli isolates indicates the probable transmission of bla KPC-2 from Enterobacteriaceae to P. aeruginosa.
For the 39 bla KPC -positive isolates, the MICs were determined using Etest (bioMérieux, Marcy l'Etoile, France) for amikacin, ciprofloxacin, and gentamicin. The MICs for all other antibiotics were determined by the agar dilution method, as recommended by the CLSI (12) . None of the isolates were susceptible to carbapenems, with MICs ranging from 8 mg/liter to 512 mg/liter for imipenem and 4 mg/liter to Ͼ512 mg/liter for meropenem (Table  1 ). All isolates were nonsusceptible to cephems and ␤-lactam-␤-lactamase inhibitor combinations. All P. aeruginosa isolates were susceptible to polymyxin B, colistin, and amikacin, and 92.3% of the isolates were susceptible to gentamicin.
To investigate the molecular epidemiology of KPC-producing P. aeruginosa isolates, pulsed-field gel electrophoresis (PFGE) was performed as previously described but with a slight modification (13) . Genomic DNA was digested using the restriction enzyme SpeI, and isolates with a Dice similarity index of Ն85% were defined as belonging to the same PFGE group (14) . Multilocus sequence typing (MLST) was performed as recommended by the P. aeruginosa PubMLST website (http://pubmlst.org/paeruginosa/). The 39 carbapenem-resistant P. aeruginosa isolates were found to belong to different clones, designated clones A to O. The most prevalent clones were A (51.3% [20/39]) and B (12.8% [5/39] ). The isolates of clones A and B were then divided into five subclonal groups (A1 to A5) and 3 subclonal groups (B1 to B3), respectively, on the basis of genetic similarity (Fig. 1) . Isolates from clones A and B were found in several different hospitals, suggesting interhospital clonal spread. Thirty-one of the 39 carbapenemresistant P. aeruginosa isolates were found to belong to sequence type 463 (ST463). The remaining eight isolates belonged to various single-sequence types, with ST1755 (11-5-5-11-4-4-7) among them being the most notable. To our best knowledge, this is the first report of the discovery of ST1755 (11-5-5-11-4-4-7) . A large-scale emergence of clonally related KPC-2-producing P. aeruginosa ST463 isolates has never been reported elsewhere. Considering the experience given by previous reports (9, 10) , the KPC-producing P. aeruginosa ST463 isolates we identified surely have a high chance of spreading from Hangzhou to the surrounding cities.
In summary, the present study provides the first report of the clonal spread of KPC-2-producing ST463 P. aeruginosa isolates. In view of the rapid emergence and transmission of the KPC-producing P. aeruginosa isolates in Zhejiang, China, carbapenem-resistant P. aeruginosa isolates should be carefully monitored, and increased care must be taken to prevent the spread of KPC-producing P. aeruginosa isolates in China.
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